OBJECTIVES: Few data are currently available on the factors associated with survival in oesophageal cancer patients who achieve pathological complete response ( pCR) after chemoradiotherapy (CRT). Using a nationwide database, we investigated the predictors of survival in this patient group.
INTRODUCTION
Chemoradiotherapy (CRT) followed by surgery is currently considered the mainstay of treatment with curative intent in patients with locally advanced oesophageal cancer [1, 2] . The achievement of a pathological complete response (pCR)-defined as complete tumour regression in both the resected oesophagus and sampled lymph nodes (LNs) (ypT0N0)-represents the hallmark of successful CRT and portends a favourable prognosis [3] [4] [5] . Previous studies have shown that 17−51% of oesophageal cancer patients can achieve pCR following CRT [3] [4] [5] [6] [7] [8] [9] . Although no adjuvant treatment is recommended for individuals who show pCR, 30% of these patients will ultimately develop disease recurrence [4, 6, [8] [9] [10] . In this context, the identification of reliable prognostic factors in patients who achieve pCR is of paramount importance for selecting the most appropriate therapeutic options according to the individual risk profile.
Few studies to date have specifically focused on the prognostic factors for patients with oesophageal carcinoma who achieve pCR [4, 6] . Moreover, the available reports are limited either by small sample sizes or the inclusion of different histological subtypes into a unique study cohort [3, 4, 8, 9] . Starting from these premises, we designed the current retrospective research to identify the predictors of survival in patients with oesophageal squamous cell carcinoma (OSCC) who achieved pCR after CRT. To this aim, data from a nationwide cancer registry database were retrieved.
MATERIALS AND METHODS

Study population and data collection
The current research was designed as a retrospective cohort study. Because the study was based on a retrospective review of clinical charts, the Institutional Review Board of the Chang Gung Memorial Hospital waived the need for informed consent (IRB: 104-7053B). Individual patient data were linked with encrypted personal identification numbers available from two nationwide computerized datasets, i.e. the Taiwan Cancer Registry (TCR) and the National Death Register. TCR contains detailed clinical data on all Taiwanese patients diagnosed with malignancies who were admitted to local hospitals having more than 50 beds. TCR currently receives data from 80 hospitals and includes the information of 90% of patients diagnosed with the 15 most common neoplasms in our country [11] Figure 1 depicts the flow of the participants through the study. Between 2008 and 2013, we identified a total of 9925 newly diagnosed OSCC patients. Of them, 1276 were treated with CRT followed by surgery. After the exclusion of 173 patients with clinical or pathological Stage IV disease (n = 137) or incomplete clinical data (n = 36), 1103 patients were finally included in the study. Of them, 319 achieved pCR. All patients were staged according to the seventh edition of the American Joint Committee on Cancer (AJCC) staging system. Tumour location was defined according to the current AJCC staging manual [12] .
Definitions pCR was diagnosed when malignant cells were absent in all of the resected pathological specimens, including both the primary tumour site and sampled LN. We defined overall survival as the time elapsed from the date of oesophagectomy to the date of death from any cause or censored on 31 December 2013. The date of death was cross-checked using death certificates available from the Taiwanese Ministry of Health and Welfare (http://www. mohw.gov.tw/).
Statistical analysis
The significant predictors of survival were initially investigated with univariate Cox regression analyses. Independent variables significantly associated with survival were identified through risk-adjusted analyses based on multivariable Cox regression models. All calculations were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) and SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). Two-tailed P-values <0.05 were considered statistically significant.
RESULTS
General characteristics of the study patients
The sample consisted of 297 males and 22 females (mean age: 54.4 years, range: 23-75 years). The majority of tumours occurred in the middle third of the oesophagus (42.6%). The mean tumour length was 5.5 cm (range: 1-20 cm; Table 1 The mean and median RT doses were 46 and 50 Gy, respectively. The mean and median number of dissected LN in the entire study cohort were 24.9 and 20, respectively (range: 0-90; interquartile range: 13-35). Postoperative 30-and 90-day mortality rates were 3.5% (38 patients) and 4.7% (52 patients), respectively.
Survival data
The 3-year OS in the entire cohort (n = 1103) was 38.1% [median survival time (MST): 22.8 months, 95% confidence interval (CI): 19.5 to 26.7 months, Fig. 2] . Patients who achieved pCR showed a significantly better survival (3-year OS: 55.9%, MST: 42.7 months, 95% CI: 35.9 to 62.1 months) than those who did not (3-year OS: 30.8%, MST: 16.8 months, 95% CI: 15.2 to 18.6 months, P < 0.001, Fig. 3 ). The risk factors affecting survival rates in the pCR group are given in Table 2 . For the purpose of analysis, the RT dose was categorized into three different groups (i.e. <40, 40−50, >50 Gy), whereas age was divided into two categories (<55 and ≥55 years). The extent of LND was classified as high LND (≥20 dissected nodes) versus low LND (<20 dissected nodes) based on the median number of removed nodes. Multivariable Cox survival analysis identified age ≥55 years [hazard ratio (HR): 1.72, 95% CI: 1.07 to 2.78, P = 0.025], an LND number of <20 (HR: 1.62, 95% CI: 1.01 to 2.61, P = 0.047) and upper third lesions (HR: 2.35, 95% CI: 1.18 to 4.65, P = 0.015) as adverse prognostic factors for survival in pCR patients.
DISCUSSION
To our knowledge, we report the largest study to date focusing on the survival outcomes of oesophageal cancer patients who achieved pCR following CRT. Notably, our cohort was homogenously composed of patients with squamous cell carcinoma (Table 3 ). There are two principal findings from this nationwide study. First, we demonstrate that the absence of residual cancer in resected specimens (i.e. the achievement of pCR) should by no means be considered as an indicator of complete tumour eradication. Accordingly, the 3-year survival rate was as low as 55%. This finding is broadly in line with previous investigations [4, 6, [8] [9] [10] . Second, patient age ≥55 years, tumours located in the upper third of the oesophagus and an LND number of <20 were identified as independent adverse prognostic factors in this patient group. We believe that our findings may have significant implications for individual risk stratification of ypT0N0 patients following CRT. In particular, we recommend that patients harbouring multiple risk factors should be strictly followed. Of the three prognostic factors identified, the adverse impact of age in pCR patients is widely accepted (Table 3 ). However, the clinical significance of the number of dissected nodes and tumour location warrants further discussion [4] . Previous reports have shown that a low number of negative nodes in pathological N0 patients can have a detrimental effect on survival because of the 'stage migration' effect [13, 14] . In this scenario, the current AJCC staging manual suggests that at least 15 LNs should be removed to provide adequate staging in primarily resected cases [12] . The question as to whether the same protocol should be applied to patients treated with CRT remains open, especially in the presence of a good tumour response [15] . According to the radiation theory, smaller or hypervascularized tumours can be eradicated more easily than larger or hypovascularized tumours when treated with the same amount of radiation. Because of their smaller size, metastatic LNs should be more radiosensitive than the primary tumour. In this setting, the persistence of LN involvement in the presence of complete response at the primary tumour (ypT0N+) is an unexpected finding that further challenged the need for extensive LND. Two previous retrospective studies (one multicentre and one single centre) supported this hypothesis [4, 16] . However, the results of our nationwide study suggest that patients in whom pCR was diagnosed via a less aggressive LND had a 1.62 higher likelihood of death from oesophageal cancer than those who received an extensive LND. We hypothesize that a considerable proportion of positive nodes could be missed by a less aggressive LND, resulting in some ypT0N+ patients being erroneously classified as ypT0N0. Because of their close proximity to the trachea and their high tendency to show proximal lymphatic spread bilaterally along the recurrent laryngeal nerve (a pattern of invasion that may hamper a radical resection), lesions located in the upper third of the oesophagus are known to portend a poor prognosis in primarily resected cases [17, 18] . Herein, we show that the adverse prognostic impact of upper third tumour lesions is also evident for patients treated with CRT. Specifically, patients who achieved pCR but originally had tumour located in the upper third of the oesophagus had a 2.35-fold increased likelihood of death from oesophageal cancer than those with non-upper third lesions. We believe that this observation was not evident in previous studies mainly because the majority of cases were diagnosed with adenocarcinoma, a malignancy that rarely originates from the upper oesophageal third [3, 4, 8, 9] . Some caveats of this study need to be mentioned. First, our research has a retrospective design and is limited by the relative short follow-up time. Second, we were unable to calculate the exact rate and location of recurrences owing to the limitations of our nationwide cancer registry database. Only OS was used as end-point, because data on cancer-related deaths were not available. Third, the registry contained only data on RT dose and its timing in relation to operation (either before or after surgery); conversely, data on the RT purpose (i.e. neoadjuvant versus definitive CCRT) could not be retrieved. Fourth, the exact CT regimen for each case was unknown, potentially introducing a potential confounder when differences in terms of CRT response were assessed. These limitations notwithstanding, we believe that our findings may have important implications for risk stratification of ypT0N0 patients following CRT.
CONCLUSION
Patient age ≥55 years, upper third lesions and an LND number of <20 are adverse prognostic factors in OSCC patients who achieve pCR following CRT. High-risk patients should be strictly followed.
